Introduction {#sec1}
============

The decrease of cardiac stroke volume to the level that the metabolic needs of the tissues cannot be met causes the symptoms of heart failure. Heart failure often occurs in the course of different cardiovascular diseases, at the final stage of these diseases, and is considered to be an important cause of mortality and morbidity \[[@cit0001]\]. Despite the improvements in treatment, the 5-year mortality rate is approximately 60% and this rate is higher than the mortality rate of most malignancies \[[@cit0002]\].

Inotropic agents are drugs that are used in the treatment of acute heart failure, where systolic dysfunction is accompanied by peripheral hypoperfusion or hypotension \[[@cit0003]\]. It was reported that the main mechanism of action of levosimendan in increasing myocardial contractility was based on increasing the susceptibility of cardiac troponin-C to cytoplasmic calcium \[[@cit0004]\]. Recent studies indicated that C-reactive protein (CRP) and high-sensitivity C-reactive protein (hsCRP) were risk factors for heart failure \[[@cit0005], [@cit0006]\]. Moreover, studies suggested that hsCRP could be accepted as an independent indicator of mortality in patients with heart failure \[[@cit0007]\]. Higher CRP levels are associated with more severe heart failure. The relationship between CRP and heart failure was explained with the high filling pressures of the left ventricle \[[@cit0005]\].

It is unclear how levosimendan infusion affects serum hsCRP levels. The present study aimed to investigate whether levosimendan use affects hsCRP levels in hospitalized patients with decompensated heart failure and in patients with heart failure under routine treatment.

Material and methods {#sec2}
====================

The present study was designed as a prospective controlled clinical trial. A total of 50 patients with decompensated heart failure, who applied to the emergency department in our hospital and were admitted to the coronary intensive care unit, were included in the present study. Patients with stage III--IV heart failure based on the New York Heart Association (NYHA), with systolic blood pressure \> 100 mm Hg and with left ventricular ejection fraction of \< 35%, were selected for the study population. Patients who presented to the emergency department due to decompensated heart failure were admitted to the coronary intensive care unit and they were administered nasal oxygen, their venous blood was taken, and echocardiography was conducted on these patients. The patients were randomized to levosimendan (*n* = 25) and furosemide groups (*n* = 25). The patients in the levosimendan group received levosimendan infusion with a maintenance dose of 0.1 µg/kg/min (24 h). The dose was halved when hypotension developed in patients. The furosemide group received a 100 to 160 mg daily dose of furosemide intravenous infusion. The highest tolerable doses of angiotensin converting enzyme inhibitors (ACE), β-blockers, and low-dose spironolactone therapy were administered to each patient due to their clinical status. Optimal medical treatments were planned for all patients.

Transthoracic echocardiogram (ECO) {#sec2.1}
----------------------------------

M-mode and 2D ECO were performed based on the American Society of Echocardiography criteria using 3.25 probes in a Vivid 3 ECO echocardiography device on the left side in the decubitus position. Parasternal short-long axial images with standard echocardiographic positions and apical 4-space images were used in the measurements and these images were used to obtain the ejection fraction (EF) measurements and left ventricular systolic-diastolic diameters by the Simpson method. Each measurement was repeated twice, and the mean values of the measurements were taken into consideration. For standardization purposes, all measurements were conducted by the same individual.

Blood measurements {#sec2.2}
------------------

Ten ml basal blood samples, required to measure the hsCRP content and control parametric values, such as electrolytes, CBC, liver (AST, ALT) and kidney functions (urea, creatinine), were drawn from both groups at the 24^th^, 48^th^ and 72^nd^ h using a cannula from the antecubital vein. The measurements were conducted with an OLYMPUS 2700 auto-analyzer and the results were recorded separately for each patient.

Ethics {#sec2.3}
------

The study was initiated after receiving the approval of the local ethics committee and written informed consents forms were received from all patients included in the present study. The study was conducted in accordance with the Declaration of Helsinki.

Exclusion criteria {#sec2.4}
------------------

Patients younger than eighteen with restrictive or hypertrophic cardiomyopathy, uncorrected valve stenosis, infection, hypotension (systolic and diastolic blood pressure \< 100 /60 mm Hg), EF over 35%, severe hepatic impairment, severe renal failure (creatinine levels \> 3.0 g/dl) and patients with acute coronary syndrome, uncontrolled hypertension, or chronic obstructive pulmonary disease (COPD) were not included in the study. Furthermore, after being randomized to groups, patients who required medication or device support were excluded from the study.

Statistical analysis {#sec2.5}
--------------------

Statistical analyses were conducted with SPSS software for Windows version 17.0 (SPSS Inc., Chicago, USA). Continuous variables were expressed as mean ± standard deviation and the categorical variables were expressed as count and percentage. In order to determine whether the variable data exhibited normal distribution, the Kolmogorov-Smirnov test was used. The χ^2^ test was used for qualitative variables and Student's *t* test was used for quantitative variables. A *p*-value \< 0.05 was considered significant.

Results {#sec3}
=======

No significant difference was found between the levosimendan and furosemide treatment groups based on demographic, baseline echocardiographic and basal laboratory data ([Table I](#t0001){ref-type="table"}).

###### 

Baseline characteristics in the levosimendan-treated and furosemide groups

  Parameter                                    Levosimendan   Furosemide   *P*-value
  -------------------------------------------- -------------- ------------ -----------
  Age \[years\]                                67 ±10         69 ±9        0.674
  Sex \[male\]                                 13             12           NS
  Arterial blood pressure systole \[mm Hg\]    121 ±16        118 ±14      0.467
  Arterial blood pressure diastole \[mm Hg\]   74 ±9          70 ±9        0.159
  Heart rate \[beats/min\]                     78 ±11         79 ±14       0.753
  Height \[cm\]                                167 ±7         166 ±7       0.513
  Weight \[kg\]                                70 ±8          69 ±10       0.730
  Body mass index \[kg/m²\]                    25 ±2          25 ±3        0.388
  Atrial fibrillation, n (%)                   8 (32)         9 (36)       NS
  Diabetes mellitus, n (%)                     4 (16)         3 (12)       NS
  Hypertension, n (%)                          7 (28)         8 (32)       NS
  COPD, n (%)                                  4 (16)         3 (12)       NS
  Disease duration \[months\]                  57 ±43         58 ±37       NS
  Ischemic/non-ischemic, n                     10/15          9/16         NS
  History of myocardial infarction, n (%)      4 (16)         5 (20)       NS
  Bypass history, n (%)                        1 (4)          2 (8)        NS
  Stent history, n (%)                         2 (8)          4 (16)       NS
  Urea \[mg/dl\]                               49 ±14         48 ±18       0.369
  Creatinine \[mg/dl\]                         0.98 ±0.28     0.82 ±0.29   0.555
  AST \[U/l\]                                  25 ±7          26 ±14       0.782
  ALT \[U/l\]                                  26 ±6          31 ±7        0.286
  Glucose \[mg/dl\]                            118 ±48        121 ±74      0.929
  White blood cells \[× 109/l\]                7418 ±1261     6692 ±132    0.802
  Hematocrit (%)                               41 ±4          42 ±5        0.425
  Platelet \[× 109/l\]                         207 ±52        178 ±43      0.293
  EF (%)                                       27 ±5          25 ±5        0.849
  Left ventricular diastolic diameter \[mm\]   59 ±9          57 ±16       0.511
  Left ventricular systolic diameter \[mm\]    51 ±10         48 ±16       0.453
  Potassium \[mEq/l\]                          4.2 ±0.53      4 ±0.41      0.257
  Sodium \[mEq/l\]                             139 ±3         139 ±3       0.704

NS -- non-significant, COPD -- chronic obstructive pulmonary disease.

Additionally, there was no difference in basal hsCRP (mg/l) levels between the levosimendan infusion and furosemide groups (9.99 ±6.2, 9.23 ±6.4, *p* = 0.66). However, the hs-CRP levels measured at the 24^th^ h (38.34 ±32.1 vs. 12.97 ±12.3, *p* \< 0.001), the 48^th^ h (31.13 ±29.9 vs. 12.44 ±10.1, *p* = 0.003) and the 72^nd^ h (27.41 ±26.9 vs. 9.89 ±8.4, *p* = 0.002) were significantly higher in the levosimendan infusion group than the furosemide group ([Table II](#t0002){ref-type="table"}, [Figure 1](#f0001){ref-type="fig"}).

###### 

Changes in hsCRP values of levosimendan and furosemide groups

  Variable       HsCRP \[mg/l\]                               
  -------------- ---------------- ------------- ------------- -------------
  Levosimendan   9.99 ±6.2        38.34 ±32.1   31.13 ±29.9   27.41 ±26.9
  Furosemide     9.23 ±6.4        12.97 ±12.3   12.44 ±10.1   9.89 ±8.4
  P-value        0.659            \< 0.001      0.003         0.002

![Change in hsCRP levels based on treatment groups](AMS-AD-4-37270-g001){#f0001}

Discussion {#sec4}
==========

Intravenous positive inotropic agents play an important role in short-term treatment of decompensated heart failure due to left ventricular systolic dysfunction \[[@cit0008], [@cit0009]\]. However, there exists no ideal inotropic agent that is both effective and has a low side effect profile. Despite the provision of rapid symptomatic improvement, these agents could lead to mortality in the long term \[[@cit0008]\]. It was also reported that increased intracellular cAMP and Ca+ concentration due to the use of positive inotropic was cardiotoxic \[[@cit0010]\]. Such condition causes a further increase in the energy requirement of the cell and the oxygen consumption of the myocardium \[[@cit0010]\]. It was reported that the main action mechanism of levosimendan in increasing myocardial contractility was based on the increase in the susceptibility of cardiac troponin-C to cytoplasmic calcium \[[@cit0004]\]. Such interaction is assumed to provide the inotropic effect through stabilizing the calcium-induced structural changes in tropomyosin and strengthening the actin-myosin cross-bridges. The intracellular calcium level does not increase during this inotropic effect and this is the most significant characteristic; thus, significant side effects such as cardiac myocyte dysfunction and arrhythmia due to intracellular calcium increase caused by adrenergic inotropes are considered to be prevented. It was suggested that sensitization due to levosimendan was dependent on the calcium concentration; hence the contractile elements had inotropic effects in systole, whereas the diastolic relaxation was not impaired since the diastole calcium concentration was low \[[@cit0011]\].

C-reactive protein is a pentameric acute phase protein produced in the liver \[[@cit0012]\]. It is also mentioned that CRP could additionally be synthesized extrahepatically by neurons, atherosclerotic plaques, monocytes and lymphocytes \[[@cit0013]\]. Although it is not fully acknowledged how the synthesis is controlled in these regions, these synthesis regions have an effect on plasma CRP levels. Various studies have concluded that CRP predicts the risk of future cardiovascular diseases independently of the known risk factors in healthy individuals \[[@cit0014]\]. Although it is at a low level, the inflammatory reaction could be responsible for disease development and poor prognosis in patients with coronary artery disease, stroke, peripheral vascular disease and diabetes, and moreover, it was indicated that a certain benefit could be obtained with drugs that have anti-inflammatory effects such as statins. Due to the presence of inflammatory cytokines in patients with heart failure, the question as to whether these agents have effects on the development and progression of heart failure became a focus of interest. According to the cytokine hypothesis, heart failure partially progresses due to the cardiac and systemic effects of these cytokines. It was not fully explained whether CRP was the sole indicator of an underlying inflammatory response and tissue damage, or directly contributed to the development of the immune response, leading to further tissue damage that accelerated the advance towards heart failure. Studies indicated that higher hsCRP levels were associated with poorer prognoses even after the planning of treatment based on other risk factors in cardiovascular diseases that were not associated with myocardial necrosis. Furthermore, hsCRP determines the outcome independently of the infarction size or recurrent infarction in diseases associated with myocardial necrosis. Such findings supported the hypothesis that CRP contributed directly to disease progression, possibly through amplification of the existing inflammatory reaction. Various studies have reported that inflammatory markers were elevated in patients with heart failure. For instance, tumor necrosis factor α (TNF-α), soluble TNF receptor 1 and 2 or interleukin 6 (IL-6) increased in patients with heart failure and were associated with the severity of the heart failure and the increased cardiovascular mortality in follow-up \[[@cit0015], [@cit0016]\]. Several studies focusing on this topic have indicated that high levels of hsCRP had a prognostic value beyond the plasma B-type natriuretic peptide (BNP) values \[[@cit0017]--[@cit0019]\]. In the study SURVIVE, BNP values decreased in the early periods of levosimendan infusion, and this finding was not proven to have a positive effect on 180-day mortality \[[@cit0020]\]. Another study suggested that high hsCRP values in heart failure patients resulted in twice the re-hospitalization and death risk \[[@cit0021]\].

The Val-HeFT study was considered the most prominent study that presented the effects of hsCRP on morbidity and mortality in heart failure. In the Val-HeFT study, it was observed that the patient population of 4000 with heart failure had an average hsCRP of 3.23 mg/l and the patients with higher hsCRP exhibited more severe heart failure symptoms (lower LVEF, higher NYHA and worse quality of life) and worse neurohormonal profiles (higher BNP, norepinephrine and aldosterone levels). Additionally, the study reported that the prognostic significance of hsCRP was independent of BNP and the etiology of heart failure \[[@cit0022]\]. In the literature, we did not find a study that aimed to investigate the effects of levosimendan on hsCRP. One study included hsCRP variations in the findings, although it did not aim to report the correlation between levosimendan and hsCRP. In this retrospective study, the effects of levosimendan, dobutamine and vasodilator treatment on ongoing myocardial injury in acute decompensated heart failure were compared. In the results section, it was reported that hsCRP increased from 43 ng/ml to 67 ng/ml at the 48^th^ h subsequent to levosimendan administration \[[@cit0023]\].

In the present study, it was observed that hsCRP levels were higher at the 24^th^, 48^th^ and 72^nd^ h in the group of patients who received levosimendan infusion. This finding could be explained by the fact that the effectiveness of levosimendan lasted longer than 24 h and its pharmacological effects continued up to 1 week after the discontinuation of the drug \[[@cit0024]\]. The increase in hsCRP levels, which is an acute phase reactant, subsequent to levosimendan infusion when compared to the control group could be interpreted as an increased myocyte damage and/or inflammatory response. Nevertheless, accompanying analyses of TNF-α, soluble TNF receptor 1 and 2 and inflammatory markers such as IL-6 could help to report clearer findings. Given the studies that suggested adverse effects of hsCRP elevation on mortality, it becomes evident that the potential associations between the levosimendan infusion-induced systemic inflammatory response and its adverse effects on long-term mortality deserve a greater focus of interest in the cardiology community.

The main limitation to the study was the low number of cases in both groups. Other limitations are the lack of investigation for inflammatory cytokines such as TNF-α, IL-6, or IL-1β during the follow-up of patients and the lack of long-term follow-up of the patients.

In conclusion, the present study revealed that hsCRP levels measured in the levosimendan infusion group were high during the treatment of decompensated heart failure. The obtained findings suggested that levosimendan infusion could lead to possible cardiac myocyte damage and/or a possible increase in the systemic inflammatory response. A further study that focuses on the effects of levosimendan on long-term mortality could facilitate an answer to certain other questions once hsCRP levels are measured along with the measurements of extensive inflammatory markers.
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